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%1 ZGH451 S&MENS
Tablel Chemical composition of ZGH451 alloy (/%)
Ta+tMo+W  Al+Ti Cr C Co B Ni

15.5 5.5 8.0 0.01 80 0.015 Bal

%2 LMDIEE¥
Table2 Processparametersof LMD
Powder feed

Laser Scanning Spot

power/ velocity/ diameter/ rate/ ﬁiﬁ
\ mm-min”’ mm g-min’!
1700 1500 0.9 11-12 2

I Difference distribution a
—=— Cumulative distribution./.__-_-— 100

Difference Distribution/%
Cumulative Distribution/%

50 100
Particle Diameter/pm

150 200 250

5.

K1 aehRT5EHR
Fig.1 Size (a) and morphology (b) of alloy powder

17, WRIGEERH RSN 8 mmx8 mmx10 mm, {3 I [A]
N 30 min, B EIT RO I SX2-8-13 Hil
Fe =L B AT SX2-4-10 F =X H B, A FH i adE i ic &
S AR I R ASCHE AT DU DACRIE R R i v . R
A 2 BT RHR B RE AT 950 “C/2 h N TR K, 1E
8 R AT A S, ol E AT 1080, 1120,
1150 °C/4 h 3 Ff =i i 28 AR 38 AT 850 “C/20 h A iz B 2%
WhER, AH TR, BT 2R 3w,

FIFH LAP-2MV 4 AH BE LA it B 47 01 I L 9Ot
P RE JE RE R AT R b, RN 50 ¢
CuCl,+100 mL HCI+100 mL C,HsOH 1 50 g CuSO,4+
100 mL HCI+100 mL H,O, &} (a4 12~18 s. J# it
DM4M 4 #H & W5 (OM). S-3400N 4447 22 4948 ¥ 1 &
UL (SEM)A SUB010 37 & 5t 4 4 iU B2 Wi 5% L A
2R, IR F BG5BT 544 Tmage-pro Plus il & FE 115y
AP 3 R FUEFR 73 %, K E45.105 JIREIREEHL
MARFE I 1000 CH AR PERE, R = B 2
Fi7s . @i JEM-2100F 32 5 B ¥ 2 8% (TEM) WL 82 fif
B FE AR, IEFAFEE A FEWT S mm A,
BAE RN 600 um, HUBRHTES 45 50 pum, Jf i XE4L
TE-25 °C 7o Aq Wil B R O URE EAT B Ak 24, XUt
N 10% HCLO4+90% C,HsOH.
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Table3 Heat treatment process of samples

No. Annealing Solution First aging Secondary aging
HT1 1050 ‘C/4 h, AC
HT2 1080 ‘C/4 h, AC
HT3 950 ‘C /2 h, AC 1280 ‘C /2 h, AC 1100 C /4 h, AC 850 ‘C/20 h, AC
HT4 1120 C /4 h, AC
HT5 1150 C/4 h, AC
) BN, 7S 5 S H A B SUS AT A . L 3b
=T S R3 ATUAAE L, JURLAS & 4 W2 40N A1 48 4 K O R 7«
- = % 5 TN AT, R A K TR
B | R P — { """""" R B4 A S ST, T, PR &4 it
- M - R {1 5 B8 5 TR 20 % (0 A, DA R
p ATy SR AT BT AR, B 5T R

B2 iR il R

Fig.2 Size of tensile specimen
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UKL TR BE A A P

A =NAIN (D
b, A4 N, N OZX SRR ST A
[A] PR /MR G B AL SR %, T i o R b R R
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K3 JiREHE OM RiHA
Fig.3 OM microstructures of the as-deposited alloy:

(a) horizontal section and (b) vertical section

8]y AHI RS 2 53 80K . i di 4k (dendritic region, DR)
y FR ST/, 2359 100 nm; £ & 18] &b (interdendritic
region, IR)y'HTAHXECR, 2178 250 nm. X2 HK
WMo Cr 55 Mt 76 2 & A7 10 ek [ A A% s T X,
MKE Al Tiv Ta %5 p MM FE R BOC R B EIER &
], SECE A AR TR, N 4a. 4b AT LLE
HUTIRAAS &S P B T UR a0 i T 5 140/ o748
Ab, B R X308 A KRR TE oy dh, L4
LM ERK T E&Ma S, HtE &=
Tl v O A o ) A R R e T,

2.2 EREEX ZGH451 AR HY &0

B G 7 3G B ) 22 R S P AR R BR AR N )
2 FHUILAE S IR AE S A T B $ A B AR AR T
2, R TR R A Gt AT 2 B JTIR K, TEF N J7iR Kt
TR, A4 R 8 SO TR O A2 v A1
A AR S 3 386 A 1113 1% 1) A G TE [ A B 2 AT kAT
7950 ‘C /2 h N FTB K.

TE [ A B R v [V TR P 0 & S 2 5 PERE
MmN R E . — S, A4 AR R B L
ISR Ve, LR T SRS, R S A2 M5
B & MANIE NI E & SV IREE, A& E S
SHIFEERE . KB 59 ZGH451 541 DTA #hk, 1R
B, BE&MBEMZKRE N 1347 C, WAHLZIRE N
1390 C, yHHAEHEIRE N 1161 C. RIGZEHRD L
F WG RESAE 1180~1350 “C i FE Vi Bl i B 1 LA iR
HAT ORI 30 min (IR, X AS R ORI IR B T O RE b gk
AT O 2R W% LA E & S A G .

6 NG EIEA IR T ORI 278 5 4
HHL. ATLLE S, 7£ 1180 CHRIE 30 min 5 & 44140
NP ERIREE R (B 6a), — B AR VR S A K 5 Tl
B b R O RN AT 0 i S PR s 4R T B 1270 CE,
TURBE R ARTE O, AR R RARAEAE (] 6b);
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Fig.4 SEM morphologies of as-deposited alloy: (a-b) horizontal section and (c-d) vertical section
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Fig.5 DTA curves of as-deposited alloy: (a) heating curve and (b) cooling curve
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Fig.6 OM images of as-deposited alloy held at 1180 C (a), 1270 C (b), 1280 C (c), 1290 C (d), and 1320 C (e) for 30 min

K7 DI & A FHR B T AR 30 min J5 #4175 4210
Fig.7 Incipient melting morphologies of as-deposited alloy held
at 1340 C (a) and 1350 C (b) for 30 min
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2.4 #HALIETS ZGH451 &AL

g b, R ASHLA ML, Bt TER T
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RRY, MRS E5HRAEES SR MAL L AR
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Ab PR 5 A 4 1 R R T R IR
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T A S e e, Phik 7 3 B
R K PATE T Z (HT2. HT4. HTS) & &7
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FTCAE Y, IR B AE AN R — 2 R0 8 A A B
T, 41N 286, 269 A1 261 MPa; Tl 47 Hiv 5 & 56 45 I
SRR FEE (1) T vy 2 IS K S RN, 43l 330,
520 1 300 MPa; ZEMHZ N 11.0%- 9.0%M1 4.5%. HT2
e R A -2 1S S 7S i R = ) AN 5/ (A



©792 - WA EMES TR

53 %

o

Secondary y' phase

" Primary p'phase "
L ol

0.25

Average Size of y' Phase/um § "ug @

HTI HT2 HT3 HT4 HTS
Heat Treatment Process

e ARMEESER yMBERS R
Fig.8 Morphologies (a-¢) and the average size (f) of y’ phase of alloy under different heat treatment processes: (a) HT1, (b) HT2, (c) HT3,

(d) HT4, and (e) HTS

100 pm

Blo 2584 Ak B E & &M M4

Fig.9 Microstructure of alloy after complete heat treatment

HAr R %E, WIREZ A= MEMERIE . XF Lt HT4 i
HTS &&MALR 5T UKL, 2 M TET y MM
ST EEAHGE, M — N AGREH 1120 C A& #
1150 °C B, y"# AR~ 0.4 pm 38505 0.5 pm, [F i
LA EAE BT HORE R IRy, — IRy M AR 5
B 46.4%k/NE] 36.4%, Hgrilgh Rk 12 Fior,
SHEEMPIRRE PR T 42%. WL, yHIEN
ZGH451 A& FEMSMME, HEERREmiRtae
MEFLHR R, A — Z i RO B sy HH T
AR RSE AR 3%, 33 1 5 0 & 6 1D v il B A R R
2.6 PHAIEX ZGH451 & & =IRALHITAREN
AFEFHALFEZS A4 1000 °C Rk D5 a0 & 13
Frx. nILAE B, fEsimbrfd 24 ~, HT2 f1 HTS &
LMW O REDEHE, Wi SN EENT R, E HT2

K10 JiMAS #9145 541 EBSD
Fig.10 EBSD images of as-deposited (a) and heat treated (b)
alloys

A & W 130 2 4k 58 mT DU SR B fif 3 A B AL E )
(B 13a). 177 HT4 £ 4 W7 11 5 30 H i 34 By 24 R0 sk AL
RAETIWIZLREE, AT R KBEERMYE (i
13b), KEMPIEEE &P EZ L H] 520 MPa
o EE AL E 269 MPa [ [RIB, ZEHEIAF] T 11%.
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Fig.11  High temperature tensile properties of alloy under

different heat treatment processes

40F

201

Volume Fraction of y’ Phase/%

HT4 HTS
Heat Treatment Process

12 R REE T ZE K A& B> 8
Fig.12 Volume fraction of y' phase of alloy under different

heat treatment processes

250 um

13 AN [F) Ak # A 4 4 1000 °C i fi 57 11 55
Fig.13 Tensile fracture morphologies at 1000 “C of the alloy under different heat treatment processes: (a, ai, ax) HT2, (b, by, by) HT4, and

(c, c1, c2) HTS
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Pk REZE RSB, W 14a Fion, 76 HT2 I RE
BARIEOLR, T 00 s g B o HE 75 7 40 5 T b 7
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F S LA AR AR AR, BTG T BRAR, F T 4 2 7
&, IR SR A AR, Wil 14b fis,
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1000 C i 1 Wf I TEM JE 51

Fig.14 TEM morphologies of tensile fracture at 1000 “C of alloy under different heat treatment processes: (a) HT2, (b) HT4, and (c) HT5
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Microstructure-Properties Control and Heat Treatment of a

Effect of Heat Treatment on Microstructure and Tensile Properties of a New Type of
Ni-based Superalloy Designed for Additive Manufacturing

Wang Guan'?, Song Wei?, Liang Jingjing®, Li Jinguo?, Zhou Yizhou?, Sun Xiaofeng?, Jiang Qingwei'
(1. School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)
(2. Shi-changxu Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)

Abstract: The effects of different heat treatment processes on the microstructure and properties of a new type of Ni-based superalloy
ZGH451 were studied. The results show that the as-deposited microstructure is mainly composed of epitaxial micro-columnar grains, and
there is y/y' eutectic exists among the interdendritic region. The segregation of element in the alloy results in the size difference of y' phase
between dendritic region and interdendritic region, which are 100 nm and 250 nm, respectively. The microstructure and properties of the
alloy are different with varying heat treatment processes: as the solution temperature increases from 1180 °C to 1350 °C, the segregation
degree of the alloy decreases gradually until the initial melting microstructure is found at 1350 °C. With the first aging temperature
increasing from 1050 °C to 1150 °C, the size of y’ phase increases gradually, and its shape changes from spherical and other irregular shape
to cube shape. In summary, the heat treatment process is optimized and the one suitable for the alloy (HT2) is obtained. Compared with the
as-deposited alloy, the grain size of alloy is significantly increased after the complete heat treatment, and the segregation and y/y’ eutectic
of the alloy are eliminated. The denser dislocation network is formed at the y/y' interface during tensile deformation at 1000 °C. The tensile
strength and yield strength are 520 MPa and 269 MPa, respectively, and the elongation is 11%.
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